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SUMMARY 


Mechanical  instability  of  a  helicopter  range  extension  system  utilizing 
hinged  wing  fuel  tanks  has  been  investiguated  for  acceptable  characteris¬ 
tics  on  ground  and  in  the  air.  Ground  instability  is  studied  for  the 
H-21,  H-25,  and  H-34  helicopters  with  wing  tanks  through  a  simulated 
takeoff  with  full  tanks  to  a  landing  with  empty  tanks.  Instability  ranges 
appear  due  to  antisymmetric  blade  lag  motions  coupling  with  aircraft  roll 
and  lateral  motions  and  wing  flap  and  bending  modes.  Critical  condi¬ 
tions  are  in  the  roll  mode  in  takeoff  with  full  tanks  and  in  landing  witl'i 
empty  tanks,  but  damping  from  the  helicopter  and  wing  oleo  struts  is 
always  sufficient  to  control  the  instability. 

In-flight  mechanical  instability  is  also  shown  to  be  possible.  i.  re¬ 
sults  from  antisymmetric  blade  lag  motion  coupling  with  aircraft  roil 
and  lateral  oscillations  at  a  reference  natural  frequency  provided  by 
rotor  thrust  and  wing  aerodynamic  spring  effects.  Blade  flap-lag 
Coriolis  coupling  is  also  included  and  tends  to  accentuate  the  unstable 
conditions.  The  winged  configurations  of  the  H-21,  H-25  and  H-34  heli¬ 
copters  are  marginally  stable  at  normal  rotor  speed  based  on  calculated 
wing  aerodynamic  damping  estimates.  Wing  damping  obtained  from  wind 
tunnel  model  tests  is  larger  than  the  calculated  damping  however,  so 
that  the  winged  configu  ations  should  be  satisfactory  under  all  condi¬ 
tions.  A  build-up  ground  and  flight  test  program,  similar  to  that  per¬ 
formed  on  new  model  helicopters  is  recommended,  however,  to  insure  that 
no  dangerous  instability  exists. 
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I.  INTRODUCTION 


The  present  mechanical  instability  study  is  part  of  an  analytical  and  wind 
tunnel  study  being  conducted  under  the  reference  1  Transportation  Research 
&  Engineering  Command  Contract.  The  program  is  aimed  at  the  development 
of  a  means  for  helicopter  ferry  range  extension  through  application  of  a 
floating  fuel  ing  concept.  An  initial  feasibility  study  of  the  floating 
wing  concept  was  conducted  by  VERTOL  under  an  earlier  contract,  reference 
2,  and  the  results  reported  in  reference  3.  The  present  analytical  and 
wind  tunnel  investigation  is  under  the  reference  1  contract  and  is  based 
on  a  VERTOL  proposal,  reference  4.  The  mechanical  instability  study  is 
a  part  of  Phase  I  of  the  contract,  and  is  reported  here  separate  from 
the  wind  tunnel  work.  ■Additional  dynamic;  studies  comprising  vibration 
and  flutter  calculations  for  the  floating  wing  system  are  in  progress  under 
Phase  II  and  will  be  reported  separately  when  completed. 

The  range  of  present ' helicopters  with  normal  fuel  load  is  less  than  400 
nautical  miles.  Even  with  additional. internal  tanks,  the  helicopter 
range  is  less  than  1100  iniles.  With  floating  wings,  the  range  can  be 
extended  to  as  much  as  2400  miles,  corresponding  to  the  longest  over¬ 
water  distance  on  the  Pacific  Ocean  ferry  route. 

Each  floating  wing  contains  compartmehted  fuel  tankage  connected  by  lines 
to  the  helicopter's  main  tank.  The  wing  lift  supports  the  fuel  weight 
that  it  carries,  and  the  helicopter  acts .  as  a'' tow.  to  propel  the  wing 
forward.  Wing  attachment  tP^the  helicopter  is  through  a  hinge  so  as  to 
eliminate  the  bending  momertt's  applied  at  the  fuselage  by  conventional 
wings,  thus  avoiding  thd  addition  of  extensive  wing  carry  through  struc¬ 
ture  to  the  helicopte'-. 

The  hinge  line  is  not  longitudinal,  but  is  skewed  aft  as  sho'wn. 


As  fuel  is  consumed  and  the  wing  becomes  lighter,  it  tends  to  flap  upward 
about  its  hinge.  Because  of  the  skewed  orientation,  the  angle  of  attack 
at  any  chord  line  is  reduced  as  the  wing  flaps  up,  the  lift  is  reduced, 
and  the  wing  flaps  downward  to  a  new  mean  position.  Full  span  pilot  con¬ 
trolled  wing  flaps  are  also  provided,  so  that  the  trim  attitude  of  the 
wing  may  be  adjusted;  these  are  also  used  as  high  lift  devices  during 
the  running  take-off. 
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When  the  wing-helicopter  combination  is  on  the  ground,  each  wing  is  sup¬ 
ported  by  its  own  landing  gear.  The  gear  is  a  conventional  shock  strut 
in  that  it  can  absorb  the  impact  energy  of  the  landing  wing  and  can  also 
incorporate  an  oscillatory  damper  to  assist  in  preventing  ground  insta¬ 
bility.  For  simplicity,  the  dynamic  characteristics  of  the  VERTOL  YHC-IA 
main  landing  gear  were  used  in  the  ground  instability  studies  since  this 
gear  generally  meets  the  requirements  of  the  installation.  It  is  noted, 
however,  that  the  wheels  must  be  able  to  swivel  for  ground  handling  but 
it  is  assumed  they  would  be  locked  in  the  trail  position  for  takeoff  and 
•landing.  ■  .  , 

The  possibility  of  ground,  or  air  mechanical  instability  is  investigated 
here  for  helicopters  equipped  with  floating  wings.  Three  transport 
diellqopter  types  reprcscntn't  j  v.c-  of  c  urrent  Army  inventory  are  included, 
the  Sikorsky  H-34,  VLiiTX  '  '(I.  H-25. 

These  aircraft  use  tWp  basic  types  of  helicopter  main  landing  gear,  the 
pyramid  gear  used  on  the  VEIITOL  H-21  AND  H-25,  and  the  axle  gear  vised 
on  the  SIKORSKY  H-34.  The  pyramid  gear  consists  of  a  two.' member  ’  ; . 
horizontal  truss  hinged  at  the  fuselage  attachments  with  the  .wheel 
mounted  at  the  apex,  whose  vcftical  motion  is  restricted  by  arT’-oie'c- 
between  the  truss  apex  and  a  higher  point  on  the  fuse lageTl  The  'axle  gear 
uses  a  single  crank-type  tneraber  mounted  ip  a  bearing  on  the  tusel.a'ge 
with  the  wheel  at  the  throw  of  the  crank,  and;  the  .oieo  res'hrictLrtg 
vertical  wheel  travel.  Separate  analyses  of  these  two  gear  types  are 
necessary'. 

The  method  of  analysis,  and  a  discussion  of  the  results  are  given  in  the 
following  sections,  along  with  conclusions  as  to  the  acceptability  of 
the  instability  characteristics.  Appendix  A  presents  the  ground 
instability  analysis,  and  the  detailed  numerical  data  for  the  H-’21 ,  H-25 
and  H-SA;  Appendix  B  presents  the  same  information  for  the  air  instability 
case. 
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A.  Ground  Instability 

1 .  General 

There  exists  in  all  rotary  wing  aircraft  the  possibility  of  encountering  a  con¬ 
dition  of  instability  commonly  called  "ground  resonance"  if  certain  design  cri¬ 
teria  are  not  met.  Under  these  circumstances,  the  vast  kinetic  energy  of  rota¬ 
tion  is  transferred  into  producing  divergent  oscillation  of  the  fuselage  on  its 
landing  gear,  and  may  become  so  violent  as  to  damage  or  destroy  the  aircraft. 

This  unstable  condition  involves  blade  depatterning  in  which  the  individual  rotor 
blades  oscillate  in  the  plane  of  rotation  in  such  a  manner  that  the  combined 
center  of  gravity  of  all  the  blades  does  not  coincide  with  the  shaft  center,  but 
whirls  about  it  in  some  eccentric  locus.  This  motion  couples  with  the  motion  in 
a  natural  mode  of  the  helicopter  on  its  landing  gear  in  such  a  phase  relation 
that  the  motion  becomes  divergent.  Fundamental  analytical  work  on  the  ground 
instability  problem  was  performed  by  Coleman  in  reference  5,  and  more  recently 
compiled  in  reference  6.  Other  analytical  approaches  have  been  presented  in 
work  such  as  references  7,  8,  and  9. 

All  modern  helicopters  employ  some  device  or  design  feature  aimed  at  preventing 
or  controlling  this  destructive  phenomenon.  One  means  is  to  use  rotor  blades 
with  the  lowest  natural  frequency  of  blade  lag  motion  higher  than  the  maximum 
operating  rotor  speed.  While  this  is  effective  from  the  ground  instability 
standpoint,  it  penalizes  the  blade  root  design  by  requiring  blade  structure  heavy 
enough  to  carry  the  root  moments,  instead  of  the  zero  root  moments  existent  with 
hinged  blades.  A  common  means  of  instability  prevention  for  hinged  blades  is  the 
use  of  lag  dampers  at  the  hinges,  and  dampers  in  the  landing  gear  shock  struts. 
Their  combined  energy  dissipation  capacity  must  be  sufficient  to  prevent  di¬ 
vergence  of  any  oscillation.  An  alternate  approach  is  to  place  the  natural  fre¬ 
quencies  of  the  helicopter  on  its  landing  gear  spring  so  that  the  related  insta¬ 
bility  range  is  clear  of  the  normal  rotor  speed  and  will  therefore  not  be  excited. 

Present  practice  aims  at  a  combination  of  the  last  two  procedures,  that  is,  to 
place  natural  frequencies  so  as  to  have  no  instabilities  appearing  in  the  normal 
rotor  speed  range,  and  to  also  provide  damping  adequate  to  prevent  the  growth  of 
any  instability. 

2 .  Helicopter  Without  Wings 

With  conventional  helicopters,  two  regions  of  instability  are  generally  con¬ 
sidered;  the  fir.3t  is  a  predominantly  lateral  helicopter  motion  accompanied  by 
blade  depatterning  whose  frequency  is  located  well  below  normal  rotor  speed, 
usually  about  100  CPM;  the  second  is  a  predominantly  roll  helicopter  motion 
about  a  line  close  to  the  center  of  gravity,  also  accompanied  by  blade  de¬ 
patterning,  and  usually  located  close  to  or  in  the  normal  rotor  operating,  speed 
range.  It  is  this  roll  motion  which  test  experience  has  shown  to  be  of  major 
concern. 

Each  instability  frequency  region  is  located  at  a  rotor  speed  some  10%  to  60% 
above  a  "reference  frequency".  This  reference  frequency  is  merely  one  of  the  two 
coupled  roll-lateral  natural  frequencies  of  the  helicopter  mass  and  inertia  on 
its  landing  gear  oleo  shock  strut  and  tire  springs.  The  springs  whose  rates  are 
paramount  in  setting  the  reference  natural  frequencies  are  the  oleo  air  spring, - 
a  widely  varying  parameter  dependent  on  extension,  the  lateral  structural  rate 
of  the  landing  gear,  the  radial  tire  spring  rate,  and  the  lateral  tire  spring 
rate . 

For  the  important  roll  mode,  these  springs  may  be  thought  of  as  forming  an  equiva¬ 
lent  roll  spring  about  a  horizontal  line  running  fore  and  aft  through  the  heli- 
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copter  center  of  gravity.  The  oleo  vertical  air  spring  rate  and  the  tire  radial 
rate  add  in  series  to  form  an  equivalent  rate  which  is  lower  than  either 
spring  taken  singly.  This  spring  on  the  left  landing  gear,  and  its  equal  counter¬ 
part  on  the  right  landing  gear  act  through  the  wheel  tread  distance  2e  to  form  a 
rotational  spring  with  rate  2Kve^  about  the  c.g.  Similarly,  the  tire  lateral 
spring  rates  add  in  series  with  the  lateral  structural  spring  to  form  an  equiva¬ 
lent  lateral  spring  Kl,  which  acts  through  a  vertical  arm  h  reaching  from  the 
ground  contact  up  to  the  c.g.  to  form  a  rotational  spring  with  rate  2KLh2 .  The 
total  rotational  roll  spring  ,  together  with  the.  roll  inertia  of 

the  helicopter  essentially  determine  the  roll  mode  reference  frequency. 

Thus  for  conventional  gear,  at  low  percents  airborne,  all  the  spring  elements  - 
oleo  and  tire,  contribute  to  a  high  reference  frequency;  at  high  percents  air¬ 
borne,  the  oleo  and  tire  vertical  spring  combination  are  negligible,  and  the 
lateral  springs  are  principally  responsible  for  the  reference  frequency. 

If  spring  rate  limitations  render  the  placement  of  the  instability  band  above  the 
normal  rotor  speed  impractical,  or  if  conservative  design  is  practical,  suffi¬ 
cient  damping  in  the  oleo  strut  and  lag  damper  are  provided  so  that  the  growth  of 
any  instability  can  be  prevented.  The  quantity  of  damping  present  in  a  given 
condition  is  generally  measured  by  a  damping  ratio  ,  a  ratio  of  available  to 
required  damping. 

Cr  C, 

^  -  57-8^ 

where  Cj-  =  effective  damping  at  the  rotor  hub  in  the  ^  th  mode  of  the  heli¬ 
copter  produced  by  the  oleo  struts 
C  =  damping  produced  by  each  blade  lag  damper 
ByB^  =  damping  product  required  for  neutral  stability  from  reference  6. 

When  the  ratio,  ^  ,  is  greater  than  unity,  there  is  then  more  damping  available 

to  control  the  instability  than  is  actually  required,  and  may  be  viewed  as  a 
sort  of  margin  of  safety.  The  term  Cr,  effective  damping  at  the  hub,  is  obtained 
through  equating  the  damping  energy  produced  by  the  oleos  in  a  given  mode  to  an 
equivalent  mathematical  damper  at  the  rotor  hub  operating  in  the  lateral  hub 
direction.  Thus  for  y  and  q  hub  and  oleo  velocities  respectively. 

Damping  Energy  =  \  CrY^^j^  =  %  ^^^Coq^^go 

or  Cr  ~  ^  , 

^  oleo  hub 

Oc5^iS 

Occasionally,  the  mode  shape  of  the  reference  natural  frequency  is  such  that 
motion  and  hence  velocity  at  the  oleo  are  much  larger  than  that  of  the  hub,  so 
that  (q/y)2  becomes  large,  and  the  damper  Cr  and  finally  the  damping  ratio  turn 
out  to  be  large  numbers.  This  means  that  the  damping  available  is  well  over 
that  required,  and  the  helicopter  is  in  a  very  safe  position.  This  will  be 
found  to  be  true  in  a  number  of  the  numerical  cases  presented  herein. 

3 .  Helicopter  With  Wings 

The  addition  of  floating  wings  to  the  helicopter  introduces  a  number  of  changes 
to  the  ground  instability  characteristics.  The  weight  and  inertia  of  the  com¬ 
bination  aircraft  are  considerably  increased,  the  wing  landing  gears  introduce 
additional  ground  springs,  and  aerodynamic  dampers  and  springs  must  be  included 
in  the  analysis,  due  to  the  addition  of  the  floating  wings.  Also,  the  bending 
natural  frequency  of  the  wing  is  near  enough  to  rotor  speed  to  be  of  interest. 

Instead  of  two  coupled  modes,  lateral  and  roll  as  in  the  standard  case,  there 
are  four  coupled  modes  with  the  winged  configuration.  These  are  wing  rigid  body 
flap  about  the  wing  hinge,  fundamental  bending  of  the  wing  as  a  pinned-free  beam 
and  lateral  and  roll  motion  about  the  helicopter  c.g.  as  before.  In  addition, 
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the  motions  of  the  helicopter  main  gear  oleo  and  the  wing  gear  oleo  are  handled 
as  separate  coordinates.  The  complete  equations  of  motion  are  developed  in 
Appendix  A  and  lead  to  the  following  set  of  equations  stated  in  matrix  form. 


iMi 


Kll-Mli^ 

Ki2 

K13 

K14 

K15 


^12 

'^22-^22^^ 
K23-M23<^^ 
K24-1124W  2 

K25 

K26 


Ki3 

K23-M23  W  ‘ 
K33-M33  tJ  ‘ 
K34 


K36 


Ki4 

K24-M24<*^  ^ 

K34 

K44-^U^^ 


K46 


Ki5 

K25 


K55 


K26 

K36 

K46 

K66 


H, 

'V 


=  0 


where  y  =  lateral  motion  of  helicopter  c.g. 

ot  =»  roll  motion  of  helicopter  c.g. 

Hi  =  generalized  coordinate  of  first  pinned-free  wing  banding, 
top  deflection 

-  angular  coordinate  for  main  gear  oleo  motion 

V  ■  verticEil  coordinate  of  wing  gear  oleo  motion 
angvilar  coordinate  of  wing  about  hinge 

and  the  Mjk  and  Kjjf  values  are  the  effective  or  actual  mass  and  spring 
quantities.  These  are  detailed  in  Appendix  A,  The  determinant  is  solved 
for  natural  frequencies  and  modes  by  insertion  of  trial  frequency  values, 
and  repeated  numerical  expansion  of  the  determinant  to  a  residual  whose 
zeros  indicate  the  naturals.  Solution  is  carried  out  on  an  IBM  650  com-  ,, 
puter.  Effective  mass  and  damping  values  at  the  rotor  hub  in  each  mode 
are  also  calculated  as  part  of  the  same  program.  Coleman  theory,  re¬ 
ference  6,  is  then  applied  and  instability  range  and  damping  requirements 
for  each  mode  are  calculated. 

Numerical  data  for  each  aircraft  are  obtained  from  weight  and  stiffness 
calculations  for  the  helicopter  and  wings,  tire  stiffness  data  manufac- 
.rer's  test  data,  and  oleo  stiffness  data  from  pneumatic  calculations 
.or  each  strut.  The  data  is  obtained  lor  a  number  of  percents  airborne  ' 
Quring  takeoff  and  landing.  . 

The  teLke-off  attitude  differs  markedly  from  that  of  conventional  heli¬ 
copters.  As  the  combined  drag  of  the  helicopter  and  wing  is  four  times 
that  of  the  helicopter  itself,  a  nose-down  attitude  during  take-off  must 
be  maintained  in  order  to  tilt  the  rotors  forward  and  get  sufficient  for¬ 
ward  propulsion  force.  The  following  procedure  was  suggested  in  reference  3, 

1,  The  pilot  aligns  the  system  with  the  runway, 

2,  The  proper  wing  flap  setting  is  made, 

3,  With  the  helicopter  in  a  three  point  attitude,  the 
pilot  starts  accelerating  the  system  down  the  runway. 
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4,  As  the  speed  increases,  the  pilot  rotates  the  helicopter 
about  the  nose  wheel  to  a  nose  down  attitude  lifting  the 
helicopter  main  gear  off  the  ground.  Since  the  wing 
weight  is  essentially  supported  by  its  own  landing  gear 

or  by  aerodynamic  lift,  the  rotors  support  only  the  weight 
of  the  helicopter.  Therefore,  the  nose  gear  need  not 
support  any  weight,  but  is  used  for  an  attitude  reference 
only . 

5.  As  take-off  speed  is  approached,  the  wing  becomes  self 
supporting.  The  wing  will  automatically  make  any  adjust¬ 
ments  necessary  for  changes  in  angle  of  attack  and  speed 
during  the  take-off  and  climb  out. 


6.  Finally,  at  take-off  the  helicopter  nose  wheel  and  wing 
wheels  leave  the  ground  and  the  craft  is  fully  airborne. 

The  landing  technique  is  essentially  the  inverse  of  take-off. 

B .  Air  Instability 

Ihe  posbirility  of  mechanical  instability  in  flight  has  been  postulated 
lor  Foim:  .me,  but  up  to  the  present,  no  known  analysis  has  been  made  for 
helicopter*-  vJich  lag  hinges.  A  related  analysis  for  rotors  with  rigid 
blades  was  made  by  Hohenemscr  in  reference  10. 

It  is  first  presumed  that  a  condition  of  instability  could  exist  in  flight 
which  would  be  similar  to  that  of  the  ground  instability  condition,  i.e,, 
lateral  and  roll  motion  of  the  helicopter  about  its  c.g.,  and  depattern- 
ing  of  the  blades  in  the  lag  plane.  Aerodynamic  blade  forces  are  then 
written  and  summed  to  form  a  lateral  force  and  rolling  moment  about  the 
helicopter  c.g.  As  an  approximation,  the  airloads  are  derived  based  on 
a  rotor  hovering  condition  in  order  to  permit  a  practical  analog  solution. 
Therefore,  forward  speed  does  not  appear  in  the  blade  tangential  velocity 
expression  in  Appendix  B-1.  These  forces  take  the  place  of  the  ground 
spring  terms  in  the  conventional  ground  analysis  and  give  the  helicopter  a 
low  frequency  roll  response  which  is  the  same  as  that  obtained  in  flight 
handling  stability  analyses  where  stability  derivative  approaches  are  used. 
The  flapping  equilibrium  of  each  blade  about  its  flap  hinge  is  also 
written  and  represents  the  aerodynamically  forced  flnp  motion.  Flapping 
couples  inertially  to  lag  through  the  Coriolis  acceleration  terms  whereii. 
blade  flapping  velocities  produce  lagging  accelerations  in  a  rotating 
field.  The  lag  equations  of  motion  for  each  blade  are  also  explicitly 
stated . 

One  more  equation  of  motion  is  necessary  to  include  the  wing  motion 
about  its  flap  hinge.  The  spring  appearing  in  the  wing  equation  is  an 
aerodynamic  one,  and  expresses  the  tendency  of  the  wing  to  return  to 
its  equilibrium  position  when  disturbed.  This  is  similar  to  the  wing's 
adjustment  to  weight  variation  as  fuel  is  consumed;  when  the  wing  flaps 
up  about  its  skewed  hinge,  the  angle  of  attack  is  reduced  at  all  chord 
lines,  the  lift  is  reduced,  and  the  wing  flaps  down  to  its  mean  position. 
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In  both  the  flapping  and  lagging  equations,  most  coefficients  are  a  func¬ 
tion  of  the  blade  azimuth  position  with  respect  to  a  reference  at  trail 
aft  for  the  first  blade  of  the  set.  The  individual  flap  equation  for 
each  blade  of  the  rotor,  and  the  individual  lag  equation  for  each  blade 
of  the  rotor  may  be  eliminated  along  with  the  azimuth  function  by  the 
introduction  of  quasi-normal  coordinates .  In  the  lag  plane  two  coordi¬ 
nates  result  which  represent  the  fixed  system  rectangular  coordinates  of 
the  blade  pattern  c.g.;  in  the  blade  flap  direction,  the  two  quasi¬ 
normal  coordinates  are  the  inclinations  of  the  thrust  vector  in  the 
fixed  lateral  and  longitudinal  planes. 

Several  sets  of  numerical  values  are  obtained  for  the  coefficients  of  the 
complete  equations  to  cover  variations  in  gross  weight  and  rotor  speed. 
These  are  programmed  on  an  analog  computer,  and  response  examined  for 
a  step  initial  condition  on  the  lateral  coordinate.  Instability  is 
apparent  by  the  growth  of  the  coordinates  without  limit.  These  calcula¬ 
tions  are  carried  out  for  three  aircraft  conditions:  (1)  helicopter 
without  wings,  (2)  helicopter  with  wings  and  1007.  fuel  load,  and  (3) 
helicopter  with  wings  and  07.  fuel  load. 


FORM  1I1BC  (V*0) 


PREPARED  BY: 

CHECKED  BYi 

DATE:  June  1960 


VERTOL  DIVISION 
BOEING  AIRPLANE  COMPANY 


PAGE  NO.  8 
REPORT  NO.R-197 
MODEL.  NO. 


III.  DISCUSSION  OF  RESULTS 
A .  Ground  Instability  Analysis 
1 .  H-21  Helicopter 

Figure  1  presents  the  two  undamped  instability  regions  of  the  H-21  heli¬ 
copter,  without  wings,  which  are  generally  considered  for  conventional 
helicopters.  These  are  calculated  for  an  11 ,100  lb.  gross  weight,  corres¬ 
ponding  to  the  helicopter  configuration  ju.sr  be. ore  the  v^/ings  are  attached. 
It  is  noted  that  this  configuration  differs  from  the  normal  without-wings 
configuration,  in  that  the  latter  has  a  gross  weight  of  13,500  lbs.  and 
an  80"  vertical  ground  to  c.g.  distance,  while  the  Figure  1  configuration 
has  a  gross  weight  of  11,100  lbs,  and  a  90"  vertical  ground  to  c.g.  dis¬ 
tance.  In  Figure  1,  t  b.c  predominantly  Inteial  mode  instability  is  below 
a  rotor  speed  of  L  .  'ii  or  .all  .airboi'ne  conditions;  the  predominantly 
roll  mode  instability  region  is  in  the  vicinity  of  425  RPM  for  07.  airborne 
with  a  gradual  lowering  until  at  about  807.  airborne  the  instability  is  at 
the  normal  operating  speed. 

Ihe  intersection  of  the  instability  band  with  the  normal  rotor  speed  band 
is  of  concern,  since  excitation  would  be  possible  if  there  were  no  damping. 
Definition  of  the  instability  region  beyond  757,  airborne,  where  the  oleo 
strut  roaches  its  full  extension,  is  somewhat  controversial.  Since  the 
strut  piston  is  bottomed  against  a  metal  stop  on  the  barrel,  the  spring 
rate  of  the  oleo  can  be  considered  to  have  changed  from  a  soft  air  spring 
to  a  stiff  metal  spring.  This  stiffer  spring  would  then  cause  the  in¬ 
stability  range  to  rise  at  high  percents  airborne.  Should  an  oscillation 
begin,  however,  the  oleo  piston  would  move  off  the  metal  stop  and  the 
oleo  air  spring  would  again  become  active  and  lower  the  instability  range. 
Figure  1  takes  the  conservative  approach  and  shows  the  instability  range 
passing  through  the  rotor  operating  band. 

The  blade-Oleo  damping  combination  is  sufficient  to  control  any  instability 
and  prevent  its  growth.  Table  1  presents  ratios  of  available  to  required 
damping  for  various  percents  airborne  and  for  both  lateral  and  roll  modes. 
All  of  these  values  are  greater  than  unity,  indicating  sufficient  damping. 
In  the  region  above  757,  airborne  where  the  instability  is  shown  in  the 
operating  region  and  damping  is  actually  required.  Table  1  shows  a  large 
damping  ratio  of  5.91. 
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TABLE  1 

VERTOL  H-21  HELICOPTER 


AVAILABLE  /  REQUIRED  DAMPING 


Without  Wing  Fuel 
Tanks 


Case 

#1 

Fuselage,  Percent 
Airborne 

0 

8.38  26.08  144.38  236.50 


1.65  3.13  *  5.91  56.34 


*  Center  of  instability 
in  rotor  speed  band 
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Ground  instability  results  for  the  H-21  helicopter  with  wing  are  presented 
in  Figure  2  as  a  sequence  of  ground  conditions  which  define  the  normal 
take-off  procedure  with  100%  fuel,  followed  by  a  landing  with  0%  fuel. 

Only  the  centers  of  the  unstable  regions  are  shown  for  simplicity.  The 
portion  of  the  plot  where  wing  and  helicopter  are  fully  airborne  is  obtained 
using  the  ground  analysis.  This  portion  of  the  plot  covering  100%  airborne 
is  shown  for  completeness  but  is  not  really  valid;  the  valid  air  instability 
results  are  presented  later  in  the  Air  Instability  Section.  The  instability 
centers  shown  are  associated  with  the  4  degrees  of  freedom  considered  in 
the  analysis,  lateral  and  roll  as  in  a  conventional  ground  instability 
analysis  plus  the  rigid  and  flexible  wing  modes. 

In  general,  with  the  exception  of  the  empty  wing  roll  instability,  only  the 
flexible  wing  instability  center  exists  above  the  normal  rotor  speed  range; 
the  instability  centers  of  the  rigid  wing  flapping,  and  lateral  and  roll 
modes  of  the  fuselage  appear  below  the  normal  speed  range.  For  the  wing 
empty,  the  roll  instability  appears  similar  to  the  instability  which  exists 
for  the  helicopter  without  wings,  having  an  unstable  range  above  the  normal 
speed  range  and  gradually  decreasing  until  at  80%  airborne  the  unstable 
region  is  at  normal  rotor  speed.  Another  critical  area  is  at  0%  airborne 
for  the  100%  fuel  case  where  the  roll  instability  center  is  just  slightly 
below  the  normal  rotor  speed. 

Table  2  describes  the  damping  ratios  present  for  all  the  instability 
cases  of  Figure  2.  In  all  instances,  the  available  damping  is  larger  than 
the  required  damping.  For  the  fuselage  roll  mode  with  empty  wings,  which 
passes  through  the  operating  rotor  speed  and  hence  requires  damping  for 
stability,  the  available  damping  ratio  is  quite  large  as  shown  by  the 
asterisked  numbers  in  Table  2.  The  reason  for  their  large  magnitude  is 
that  the  relative  motion  at  the  oleos  is  much  larger  than  the  hub  motion 
in  those  modes;  this  is  explained  in  more  detail  on  page  4.  Note  also 
that  in  these  winged  cases,  not  only  the  fuselage  oleos  with  damping  rates 
of  2500#sec/ft  static  to  5000  extended,  but  the  wing  oleos  as  well  with 
rates  of  5000#sec/ft  throughout  the  stroke  are  contributory  to  the  avail¬ 
able  hub  damping.  The  S000#sec/ft  rate  throughout  the  stroke  is  a  value 
which  has  been  designed  for  and  actually  exceeded  in  tests  of  the  Vertol 
YHC-IA  helicopter. 

Reference  3  described  two  possible  wing  configurations  for  the  H-21  and 
H-34  helicopters,  a  wing  size  required  for  a  2400  mile  i-acifir  over-water 
ferry,  and  a  wing  size  required  for  a  1200  mile  Atlantic  over-water  ferry. 
The  analysis  above  was  performed  for  the  2400  mile  wings  because  of  their 
greater  weight,  and  because  the  location  of  the  instability  ranges  were, 
of  course,  unknown  at  the  start.  The  results  now  obtained  indicate  that  the 
lighter  weight  1200  mile  wings  would  probably  have  been  more  critical 
since  they  would  have  raised  the  fuselage  roll  mode  instability  closer  to 
the  normal  rotor  speed  range.  However,  it  appears  that  this  configuration 
will  produce  no  additional  difficulties  because  the  available  damping  will 
be  able  to  control  any  instabilities  of  this  light  gross  weight  configura- 
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tion  even  more  effectively  than  the  heavy  gross  weight  version.  In  addi¬ 
tion,  the  next  higher  mode  involving  wing  pin-free  bending  would  also  be 
raised  with  the  1200  mile  wings,  but  since  this  is  already  well  above  the 
normal  rotor  speed,  the  difference  is  not  significant. 

Also  note  that  swiveling  of  the  wing  gear  wheels  is  permitted  in  order  to 
facilitate  ground  handling,  although  in  normal  take-off  the  gears  would 
be  locked.  In  the  above  analysis,  the  gears  were  conservatively  considered 
to  be  locked;  any  lesser  degree  of  restraint,  such  as  swiveling,  would 
improve  the  stability  characteristics  by  lowering  the  fuselage  rigid  wing 
mode  even  further  below  the  nomal  operating  speed  band. 
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2.  HUP-2  (H-25)  Helicopter 

Results  of  the  ground  instability  analysis  of  the  HUP-2  helicopter  without 
wings  is  presented  in  Figure  3.  As  with  the  previous  case,  the  predominant 
lateral  mode  instability  is  not  significant  as  the  region  is  located  far 
below  the  normal  operating  speed  range.  The  center  of  the  roll  mode  in¬ 
stability  region  is  325  RPM  at  0%  airborne,  and  continues  downward  as  the 
percentage  airborne  increases.  The  rotor  operating  speed  band  passes 
through  the  unstable  region  below  about  507.  airborne,  so  that  damping  is 
required . 

Table  3  presents  the  ratios  of  available  to  required  damping.  The  assump¬ 
tion  of  5°  blade  swing  in  converting  the  preloaded  blade  lag  damper  to  a 
viscous  equivalent  results  in  a  value  of  0.38  (see  Section  II  for  the 
method) .  Since  this  is  not  adequate  to  control  the  indicated  instability, 
and  since  these  helicopters  have  been  ground  instability  tested  success¬ 
fully  and  have  been  operational  for  a  considerable  period  without  incident, 
it  is  concluded  that  the  5°  assumption  is  overly  conservative.  This  opera¬ 
tional  experience  is  used  to  obtain  a  less  conservative  blade  angle.  The 
damping  ratio  at  07.  airborne  is  made  unity,  and  the  blade  oscillatory  angle 
necessary  to  produce  this  condition  is  solved  for,  giving  1.87°. 

Ground  instability  results  for  the  helicopter  with  wings  are  presented  in 
Figure  4  using  the  method  of  presentation  previously  described.  Again  the 
instability  associated  with  the  flexible  wing  mode  appears  well  above  the 
operating  range,  and  increases  to  beyond  che  limit  of  the  plot  for  the  wing 
empty  configuration.  The  fuselage  lateral  mode  is  below  the  operating 
speed  for  all  take-off  and  landing  attitude;  the  rigid  wing  mode  is  gener¬ 
ally  below  operating  speed  except  at  0%  airborne  landing  empty.  Table  4. 
reports  the  available  damping  ratios  based  on  the  1.87°  blade  swing  cal¬ 
culated  above,  and  gives  a  value  of  3.42  for  the  rigid  wing  critical  con¬ 
dition,  sufficient  to  control  the  instability.  The  roll  instability  center 
is  in  the  normal  rotor  speed  band  at  07,  airborne,  but  the  damping  ratio 
table  shows  a  value  of  1.87  so  that  the  condition  is  acceptable.  The  roll 
instability  center  passes  through  the  rotor  band  in  the  flight  condition, 
but  the  results  here  are  more  properly  described  in  the  Air  Instability 
Analysis  section. 

The  wing  considered  in  this  analysis  of  the  H-25  represents  a  proposed 
test  configuration,  and  is  not  related  to  a  specific  ferry  range  require¬ 
ment.  A  description  of  the  wing  properties  together  with  the  detailed 
analysis  for  this  aircraft  is  given  in  Appendix  A-5. 
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3-  Siko/sl'-y  .'J-58  (H-34) 

A  similar  ground  instability  analysis  was  performed  for  the  S-58  helicopter 
without  wings,  including  lateral  and  roll  motions  of  the  fuselage,  and  in¬ 
cluding  adjustment  of  the  basic  analysis  to  compensate  for  the  axle  landing 
gear  arrangement.  Results  of  this  analysis  are  presented  in  Figure  5  As 
noted  previously,  the  unstable  region  related  to  the  lateral  frequency  is 
of  little  significance  as  it  is  located  well  below  the  normal  rotor  speed. 

The  center  of  instability  related  to  the  roll  frequency  is  at  340  RPM  for 
07o  airborne  and  drops  with  percent  airborne  until  it  passes  through  the 
rotor  speed  band  at  about  80%  airborne.  Note  again  that  the  conservative 
non-bottoming  assumption  has  been  made  for  the  oleo  behavior  at  fully  ex¬ 
tended  as  described  under  the  H-21  section.  The  alternate  assumption  of  a 
rigid  strut  would  raise  the  high  percent  airborne  cases  up  out  of  the  rotor 
band  , 

Table  5  gives  the  available  to  required  damping  ratios  based  on  both  5° 

blade  swing,  and  the  1.87°  swing  found  necessary  for  a  stable  prediction 
of  the  HUP-2 .  At  low  percents  airborne,  the  damping  ratio  for  either 
blade  swing  is  quite  small  because  of  the  small  available  oleo  strut  damping 
(see  Appendix  A-6) .  However,  the  instability  range  is  above  tbe  operating 
rotor  band,  and  no  damping  is  theoretically  required.  At  75%  airborne, 
damping  is  required  because  the  instability  region  dips  into  the  rotor  speed, 
but  the  damping  ratio  is  still  less  than  unity,  meaning  that  insufficient 
damping  exists  for  stability  control  according  to  the  Coleman  theory  used 
here,  unless  blade  lag  motion  is  restricted  to  much  less  than  1.87°  swing. 

Figure  6  presents  the  results  of  the  ground  instability  calculations  for 
the  S*-58  helicopter  with  floating  wings.  For  0%.  airborne,  the  flexible 
wing  mode  instability  is  above  the  operating  speed  range,  and  the  fuselage 
lateral,  rigid  wing,  and  fuselage  roll  instabilities  appear  below  the 
normal  rotor  speed  band.  However,  the  center  of  the  fuselage  roll  insta¬ 
bility  is  close  to  the  normal  rotor  speed,  so  that  its  instability  region 
would  intersect  the  rotor  band.  Decreasing  the  wing  fuel  to  0%  raises  the 
flexible  wing  mode  instability  beyond  the  limits  of  the  plot;  the  other 
mode  instabilities  are  also  increased  such  that  the  fuselage  roll  and  rigid 
wing  modes  are  located  near  or  in  the  rotor  band  during  landing. 


Table  6  presents  the  available  to  required  damping  ratios  for  the  wing  tank 
configurations  based  on  the  more  conservative  5o  blade  swing  assumption. 

This  approach  is  possible  with  the  wings  on,  because  the  wing  landing  gear 
oleos  will  have  a  damping  capacity  of  better  than  5000  lb. sec/ft.,  sufficient 
to  control  the  stability  of  the  helicopter-wing  configuration.  Table  6 
shows  that  all  the  damping  ratios  for  the  modes  which  pass  through  the  rotor 
band,  that  is  fuselage  roll  and  rigid  wing,  are  greater  than  unity  thus 
providing  sufficient  damping  in  all  cases.  The  only  values  less  than  unity 
are  for  the  wing  flexible  mode,  and  these  are  not  significant  because  the 
instability  center  is  so  far  above  the  rotor  operating  speed. 
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B .  Air  Instability  Analysis 
1 .  H-21  Helicopter 

The  results  of  the  air  instability  analysis  for  the  H-21  are  summarized 
in  Table  7.  "S"  indicates  a  stable  response  to  a  lateral  step  input, 

"U"  indicates  an  unstable  response  and  "N"  indicates  a  response  with 
neutral  stability.  The  three  conditions  considered  are  (1)  Helicopter 
Without  Wings,  (2)  With  Wings  0%  Fuel,  and  (3)  With  Wings  100%  Fuel.  Two 
columns  labeled  respectively  "No  Flap"  and  "Flap"  appear  under  each  of 
the  three  conditions,  and  imply  a  solution  where  in  the  former  the  blade 
lag  equations  but  not  the  blade  flap  equations  are  used,  and  in  the  latter 
where  both  the  flap  and  lag  equations  are  used.  With  wings  on,  additional 
subcategory  columns  appear  designating  (1)  solutions  with  only  the  normal 
aerodynamic  damping  of  the  wings  labeled  "No  Mech.  Wing  Dampfer"  and  (2) 
solutions  with  added  mechanical  damping  at  the  wing  hinge  equal  in 
magnitude  to  a  second  aerodynamic  damper.  In  some  instances,  there  are 
cases  where  the  normal  wing  aerodynamic  spring,  "1.0  K" ,  has  been  reduced 
in  value  to  0.5  K,  0.75  K  or  0.80  K.  Row  headings  on  the  left  give  the 
rotor  speed  in  RPM  and  radians/second  and  describe  cases  with  and  without 
blade  lag  diimpers  . 

Helicopter  Without  Wings 

The  normal  helicopter  Without  Wings  and  No  Flap  (blade  lag  only)  is  shown 
in  Table  7  to  be  stable  throughout  the  rotor  speed  variations .  It  is 
clear  from  this  that  no  reference  frequencies,  that  is,  natural  frequencies 
of  the  helicopter  body,  exist  in  this  configuration  to  induce  instabilities. 
When  the  Flap  equations  are  employed  with  blade  lag,  instabilities  appear 
from  150  to  320  RPM  for  the  blades  without  lag  dampers .  With  the  normal 
lag  dampers  active,  these  instabilities  disappear. 

This  indication  of  an  inflight  instability,  independent  of  mechanical 
kinematic  coupling,  but  dependent  on  Coriolis  acceleration  from  flap  to 
lag,  is  new  and  so  far  as  is  known,  has  not  been  predicted  analytically 
before.  While  no  specific  test  dal  .t  is  known  for  this  condition,  it  is 
not  in  disagreement  with  normal  flight  characteristics,  since  it  is  pre¬ 
dicted  that  the  blade  lag  dampers  are  sufficient  to  prevent  the  instabil¬ 
ity.  The  lag  damping  requirement  was  investigated  in  more  detail,  and  it 
was  found  that  a  damper  with  an  equivalent  viscous  rate  40%  of  the  normal 
rate  was  sufficient  to  prevent  the  instability. 

The  validity  of  the  aerodynamic  representation  fpr  the  flapping  rotor  was 
affirmed  by  another  check  which  considered  only  the  helicopter  coordinates 
y  and  and  the  blade  flapping  equations.  Under  a  lateral  step  input,  a 
long  period  oscillation  of  about  9  seconds  appears  whose  amplitude  grows 
slowly.  This  is  the  same  roll  oscillation  of  the  helicopter  which  is  pre¬ 
dicted  by  lateral  stability  equations  using  the  conventional  stability 
derivative  approach.  The  9.5  second  period  run  is  illustrated  in  Figure  7. 
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Helicopter  With  Wings,  07o  Fuel 

a.  I'Jo  Flap  (Blade  Lag  Only) 

The  helicopter  with  7o  luel  in  its  wings,  and  No  Flap  (blade  lag  only)  in 
Table  7  has  an  instability  between  200  and  320  RPM,  the  latter  being  the 
maximum  rotor  speed  considered  in  this  analysis.  This  instability  appears 
with  either  no  blade  damper  or  the  normal  blade  damper.  It  can  be  elimi¬ 
nated  by  reducing  the  wing  aerodynamic  spring  to  0.75  of  its  normal  value 
or  by  providing  a  damper  at  the  wing  hinge  as  shown  in  the  "Mach.  Wing 
Damper"  column  in  Table  7.  This  instability  closely  resembles  ground  in¬ 
stability  since  it  results  from  a  reference  natural  frequency;  in  ground 
cases,  this  reference  frequency  is  produced  by  the  helicopter  on  its  tire 
and  also  springs;  in  the  air,  this  reference  frequency  is  produced  by  the 
wing  aerodynamic  spring. 

b.  Flap  (Includes  Blade  Flap  and  Lag  Motions) 

Results  of  the  more  complete  inslysis  considering  both  flap  and  lag  motions 
appear  in  the  next  set  of  columns  in  Table  7.  These  results  differ  some¬ 
what  from  those  with  lag  motion  above,  and  are  presumably  more  represent¬ 
ative  of  the  actual  situation.  With  no  mechanical  wing  damper  and  with 
no  blade  dampers,  the  helicopter  is  neutrally  stable  at  100  and  150  RPM, 
and  unstable  from  200  RPM  upward.  With  lag  dampers,  the  neutral  points 
become  stable,  but  the  unstable  points  from  200  RPM  upward  are  unchanged. 
Since  this  instability  exists  at  normal  rotor  speed,  it  is  critical  and 
must  be  eliminated. 

One  means  for  eliminating  the  instability  is  shown  in  Table  7  to  be  a  re¬ 
duction  of  the  wing  aerodynamic  spring  to  0.75  of  its  normal  value. 

Another  approach,  the  mechanical  wing  hinge  damper  with  a  damping  rate 
equal  to  the  aerodynamic  wing  damping,  is  also  shown  to  eliminate  the  in¬ 
stability.  Additional  analog  runs  were  made  at  258  RPM  normal  rotor  speed 
to  find  the  minimum  wing  damper  actually  necessary  for  stability,  and  it 
was  found  to  be  187o  of  the  wing  aerodynamic  rate. 

Since  this  last  means,  a  small  damping  increase,  was  found  to  be  reason¬ 
able,  the  aerodynamic  analyse.s  were  reviewed.  The  aerodynamic  damper  anal¬ 
ysis,  Pages  B-17  and  18,  and  the  aerodynamic  spring  analysis.  Page  B~16, 
were  based  on  Theodorsen  quasi-static  aerodynamics.  Reference  10,  using 
only  the  thrust  term  so  that  the  resulting  value  was  quite  conservative. 
These  analyses  were  rederived  on  Pages  B-19  through  21,  using  the  complete 
quasi-static  thrust  and  moment  expressions  from  Theodorsen.  The  new  re¬ 
sults  show  a  15%  increase  in  wing  aerodynamic  damping,  and  a  207,  decrease 
in  the  wing  aerodynamic  spring.  These  two  refinements  are  sufficient  to 
make  the  critical  condition  stable,  so  that  the  aircraft  with  0%  fuel 
wings  is  predicted  to  be  stable,  although  the  margin  of  available  over 
required  damping  is  small.  It  should  be  noted  that  none  of  the  basic 
calculations  presented  in  this  report  include  the  modified  effects  of  this 
increase  in  damping  and  reduction  in  aerodynamic  wing  spring. 
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In  view  of  the  marginal  damping  for  this  condition,  experimental  wing  damping 
characteristics  obtained  in  the  wind  tunnel  model  tests  were  compared  with 
calculated  values,  taking  account  of  scaling  effect.  Details  of  this  scaling 
are  given  in  Appendix  B-4  for  the  HUP-2  configuration  which  was  tested  in 
the  tunnel.  It  was  found  that  the  test  wing  aerodynamic  damping  exceeds 
the  calculated  by  about  50%,  therefore  adequate  damping  should  be  available 
to  eliminate  the  instability  in  this  condition. 

Helicopter  With  Wings.  100%  Fuel 

The  four  columns  on  the  right  of  Table  7  record  the  results  for  the  1007. 
fuel  case.  With  No  Flap,  No  Mechanical  Wing  Damper  and  No  Blade  Damper, 
the  unstable  band  appears  between  150  and  200  RPM.  This  band  is  lower  and 
narrower  than  for  0%  Fuel,  which  is  attributable  to  the  lower  roll  natural 
frequency  resulting  from  the  large  fuel  mass.  The  presence  of  the  blade 
dampers  does  not  remove  this  instability.  Since  the  instability  is  below 
240  RPM  normal  operating  speed,  it  is  considered  acceptable.  Nevertheless, 
it  is  shown  for  information  that  a  50%  reduction  in  the  wing  spring  would 
lower  the  instability  below  150  RPM,  and  that  a  mechanical  wing  hinge  damper 
would  eliminate  the  instability  altogether. 

The  complete  case  with  flap  and  leg  motion  shows  that  without  lag  dampers, 
the  aircraft  is  unstable  from  150RPM  upward.  With  the  normal  lag  dampers, 
the  aircraft  is  stable  from  240  RPM  upward.  Since  this  includes  the  normal 
rotor  speed  of  258  RPM,  the  1007.  fuel  case  is  predicted  to  be  operationally 
stable . 

As  a  matter  of  interest,  the  instability  appearing  below  240  RPM  is  due 
to  the  wing  fuselage  coupled  natural  frequency  on  the  wing  aerodynamic 
spring;  it  can  be  placed  at  a  lower  rotor  speed  by  reducing  the  wing  aero¬ 
dynamic  spring,  or  providing  a  hinge  damper.  The  less  conservative  spring 
and  damping  analysis  reported  above  for  the  0%  fuel  case  would  also  be 
effectual  here,  but  was  not  carried  out  since  this  case  was  not  critical 
at  operating  rotor  speed. 

Note  in  general  from  the  previous  discussion  that  there  are  apparently 
two  types  of  instability  appearing,  both  manifested  as  disturbances  in 
the  blade  lag  pattern  as  in  ground  instability.  The  first  is  due  to  an 
aircraft  reference  natural  frequency  about  307.  below  the  normal  rotor 
speed  which  places  an  instability  range  in  the  operating  speed  just  as  in 
ground  instability;  the  second  instability  is  induced  by  blade  flapping 
causing  blade  lag  depatterning .  The  first  can  be  remedied  by  lowering  the 
instability  range  below  the  normal  rotor  speed  and/or  providing  wing  hinge 
damping,  the  second  is  controlled  by  blade  lag  dampers  which  are  already 
on  the  helicopter  to  deal  with  ground  instability. 
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Effect  of  the  Wing  Hinge  Angle  on  the  Aerodynamic  Spring 

One  means  generally  considered  whenever  a  change  in  wing  aerodynamic  spring 
is  sought,  is  that  of  changing  the  wing  hinge  angle  from  the  45°  that  has 
been  selected  as  optimum  from  the  standpoint  of  flight  controllability. 
While  operational  stability  has  been  obtained  above  by  other  means,  it  will 
be  shown  here  for  record  purposes  that  the  small  hinge  variations  are  not 
very  effective  in  reducing  the  aerodynamic  spring.  The  simplified  aero¬ 
dynamic  spring  expression  is  K  =1/4/^^  CoV2l2cos  sin/o  .  Considering 

only  the  portion  dependent  on  the  hinge  angle,  the  expression  reduces  to 
Kq<^^=Kcos^o  sin /q  or  Ko<,w  sin  .  The  variation  of  aerodynamic  spring, 
K^^frcm  the  present  value  for  ^  =  45°  is  shown  in  the  curve  below. 


ANGLE  /o  ^  hecfipea 

The  curve  above  indicates  that  varying  the  hinge  angle  10°  or  so,  which 
would  be  tolerable  from  a  performance  standpoint,  would  produce  only  a 
negligible  change  in  the  aerodynamic  wing  spring. 


Test  Procedure 

While  analysis  ind  i  f  £->s  rrcraft  to  be  free  from  instability  on  the 

ground  or  in  the  air,  reasonable  prudence  suggests  that  a  test  procedure  be 
carried  out  prior  to  the  first  flights.  This  should  consist  of  ground 
resonance  tests,  with  the  rotors  turning,  with  the  aircraft  in  a  quick  acting 
snubbing  rig,  as  for  conventional  new  model  helicopters  prior  to  first  rev- 
up  in  a  free  condition.  Because  of  the  difficulty  of  recovering  from  ground 
resonance  during  a  running  takeoff,  tests  should  also  be  run  in  the  rig  using 
a  spring,  characteristic  of  the  wing  aerodynamic  spring,  to  support  the  wing 
and  thus  safely  simulate  partially  airborne  conditions  encountered  during 
actual  takeoff.  This  could  be  followed  by  tests  at  forward  speed  on  a  long 
runway  with  the  wings  fully  loaded,  the  most  conservative  case.  The  wing 
would  become  airborne  at  about  80  knots,  and  if  any  sign  of  instability  were 
noted,  the  wings  could  be  dropped  back  on  their  wheels  which  would  change 
the  conditions  and  eliminate  the  oscillation.  Finally,  the  test  could  be 
repeated  with  the  more  critical  07.  fuel  wings  until  the  whole  operational 
range  had  been  covered,  and  then  full  scale  flight  testing  could  begin  with 
assurance . 


It  is  further  recommended  that  provision  be  made  for  the  installation  of 
small  wing  flap  hinge  dampers  on  the  prototype  since  damping  is  predicted, 
in  some  cases,  to  be  marginal.  '  ‘ 
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2 .  H-25  Helicopter 

Table  8  presents  the  air  instability  results  for  the  H-25  in  three  con¬ 
figurations,  Without  Wings,  With  Wings  0%  Fuel,  and  With  Wings  100%  Fuel. 
Cases  were  run  at  the  normal  rotor  speed  290  RPM,  and  a  50  RPM  increment 
above  and  below  this  speed,  240  and  340  RPM. 

Helicopter  Without  Wings 

Without  wings  and  without  the  flap  degree  of  freedom,  the  helicopter  is 
stable  at  all  rotor  speeds.  This  is  because  no  reference  frequency  exists 
to  induce  the  rotor  lag  type  of  instability.  With  flap  motion  of  the 
blades  permitted,  an  instability  appears  at  240  and  290  RPM  which  is  re¬ 
moved  when  the  blade  dampers  are  active.  At  340  RPM,  the  flap  instability 
persists  even  with  the  blade  dampers.  Since  these  helicopters  are  opera¬ 
tional,  and  since  they  have  been  operated  at  high  autorotative  speed  with¬ 
out  incident,  it  is  apparent  that  this  flap  instability  is  either  slightly 
higher  than  predicted,  or  that  the  available  damping  is  higher  than  that 
calculated.  As  noted  in  the  Ground  Instability  discussion,  the  choice  of 
blade  oscillatory  amplitude  in  important  in  converting  the  preloaded 
hydraulic  damper  to  a  viscous  equivalent.  With  a  blade  angle  somewhat 
less  than  the  conservative  5°  used  here,  a  stable  condition  would  be  ob¬ 
tained  . 

Helicopter  With  0%  Fuel  Wings 

With  empty  wings  and  no  flap,  the  helicopter-wing  combination  is  unstable 
at  the  three  rotor  speeds  considered.  The  addition  of  blade  dampers  and 
a  mechanical  hinge  damper  with  a  rate  equal  to  half  that  of  the  aerodynamic 
wing  damping  will  remove  the  predicted  instability.  With  the  flap  degree 
of  freedom  permitted,  the  results  are  not  changed.  As  noted  under  the 
H-21  results,  the  wind  tunnel  data  for  the  H-25  gave  a  damping  ratio  of 
0.24  compared  to  a  calculated  magnitude  of  0.16.  This  means  that  with 
this  additional  damping,  the  helicopter  wing  combination  would  be  stable 
without  additional  damping. 

Helicopter  With  100%  Fuel  Wings 

Table  8  shows  the  results  with  100%  fuel  to  be  identical  to  those  with 
0%  fuel .  The  additional  damping  indicated  by  the  wind  tunnel  tests  will 
therefore  again  be  sufficient  to  make  the  aircraft  stable. 
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3 .  H-34  Helicopter 

Table  9  summarizes  the  air  instability  analysis  for  the  H-34  in  three  con¬ 
figurations  . 

Helicopter  Without  Wings 

As  with  the  previous  helicopters,  calculated  without  the  flap  degree  of 
freedom,  the  absence  of  a  reference  roll  natural  frequency  prohibits  the 
appearance  of  an  instability.  With  the  blade  flap  degrees  of  freedom  in¬ 
cluded,  an  instability  appears  without  lag  dampers  at  170  and  220  RPM 
which  is  removed  when  the  dampers  are  reintroduced.  At  the  highest  rotor 
speed  considered  270  RPM,  50  RPM  above  the  normal,  stability  is  more 
difficult  to  achieve.  With  a  viscous  equivalent  rate  1.5  times  the  nor¬ 
mal,  stability  is  attained.  The  normal  viscous  damping  rate  was  obtained 
here  as  in  the  previous  aircraft  discussed,  by  assuming  a  5°  blade  swing  and 
converting  the  damper  preload  into  a  viscous  damper  capable  of  dissipating 
the  same  energy.  As  in  the  HUP  case,  the  selection  of  a  smaller  blade 
angle  of  about  3.33  degrees  would  have  produced  stability. 

Helicopter  With  0%  Fuel  Wings 


With  empty  wings  a  lag  type  of  instability  exists  for  the  three  rotor 
speeds  considered  without  damping  and  both  with  and  without  the  flap 
degrees  of  freedom.  The  blade  lag  dampers  above  are  in  no  case  suffi¬ 
cient  to  remove  the  instability.  The  use  of  a  mechanical  wing  hinge 
damper  equal  in  magnitude  to  a  second  aerodynamic  damper,  along  with  the 
blade  dampers,  does  make  the  aircraft  stable.  As  with  the  HUP-2,  the  use 
of  wind  tunnel  test  damping  ratios  would  mean  an  increase  in  wing  aero¬ 
dynamic  damping,  and  a  decrease  in  the  required  size  of  the  wing  hinge 
damper . 

Helicopter  With  1007.  Fuel  Wings 

With  fully  loaded  wings,  the  lag  instability  is  reduced  to  220  RPM  and 
below  in  the  No  Flap  case,  and  can  be  controlled  at  normal  220  RPM  by  the 
standard  blade  lag  dampers .  With  the  flapping  degrees  of  freedom  added, 
the  situation  is  similar  except  that  at  270  RPM  a  flap  induced  instability 
appears  which  requires  the  combination  of  normal  blade  damper  and  3/4 
normal  wing  hinge  damper  to  remove. 
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The  helicopter  range  extension  system  consisting  of  hinged  wing  fuel  tanks 
has  been  investigated  for  acceptable  characteristics  in  ground  and  air 
mechanical  stability. 

Ground  instability  characteristics  of  the  H-21,  HUP-2(H-25),  and  H-34  with 
floating  wing  fuel  tanks  were  investigated  through  a  simulated  takeoff 
with  full  tanks,  and  a  landing  with  empty  tanks.  Four  modes  were  calcu¬ 
lated  representing  dominant  motions  respectively  in  aircraft;  lateral  motion, 
wing  rigid  body  flap,  aircraft  roll  motion,  and  wing  first  pin-free  bending. 
The  aircraft  lateral,  wing  flap  and  aircraft  roll  instability  ranges  were 
generally  under  the  normal  rotor  speed  excitation  band,  and  the  wing  first 
bending  instability  range  was  well  above  it.  The  aircraft  roll  instability 
range  and  the  rigid  wing  flap  instability  range  were  nearest  the  rotor 
speed  excitation,  and  entered  it  during  some  portion  of  the  takeoff  or 
landing  sequence.  With  the  wing  oleos  assumed  to  have  the  characteristics 
of  the  VERTOL  YHC-IA  main  gears,  however,  sufficient  oleo-blade  lag  damping 
was  always  present  to  prevent  the  growth  of  the  instability. 

Two  types  of  mechanical  instability  were  shown  to  be  possible  in  the  air; 
one  due  to  reference  natural  frequencies  of  the  fuselage-wing  system  on 
the  wing  aerodynamic  spring,  similar  in  concept  to  the  ground  instability 
case  with  its  ground  spring  reference  frequency,  and  the  second  due  to 
rotor  blade  flapping  causing  blade  depatterning  through  Coriolis  accel¬ 
eration  between  flap  and  lag.  The  second  type  was  shown  to  occur  in  heli¬ 
copters  without  floating  wings  as  well,  but  to  be  controlled  by  the  normal 
blade  lag  dampers .  The  winged  configuration  of  the  three  helicopters  were 
shown  to  be  stable  in  the  normal  operating  rotor  speed  range,  but  the 
tanks  empty  condition  was  nearest  to  being  critical. 

To  insure  safety  in  the  prototype  flight  test  vehicle,  it  is  recommended 
that : 


The  wing  natural  frequency  pin-free  be  above  1.1  CO. 

Provision  be  made  for  wing  flap  dampers  with  a  rate  of  about 
10,000  ft . lb .sec . 

Vi/ing  flap  dampers  be  installed  on  the  prototype  vehicle. 

A  build  up  ground  resonance  and  air  resonance  test  program  be 
conducted  prior  to  and  in  conjunction  with  initial  flight 
test  operations . 

Additional  tests  aimed  at  eliminating  the  wing  flap  dampers 
be  carried  out. 
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SYMBOLS 


M  Mass  of  aircraft  including  wings  and  blades 

^  Roll  inertia  of  aircraft  about  CG  including  wings  and  blades 
concentrated  at  hub 

Spring  rate  of  main  gear  oleo 

Damping  rate  of  main  gear  oleo 

li'  Lateral  spring  rate  of  main  gear  tire 

Vertical  spring  rate  of  main  gear  tire 

Lateral  spring  rate  of  nose  gear  tire 

Vertical  spring  rate  of  nose  gear  tire 

Distance  from  main  gear  pivot  point  to  0  oleo 

A.  Dis  tance  from  aircraft  CG  to  nose  tire  axle,  normal  to  rotor  plane 

Di  stance  from  main  gear  pivot  point  to  tire  axle,  normal  to  rotor  plane 

Distance  from  aircraft  CG  to  main  tire  axle,  normal  to  rotor  plane 

£.5  Lateral  distance  from  main  gear  pivot  point  to  t  tire 

El  Lateral  distance  from  0  main  tire  to  0  aircraft 

Distance  from  aircraft  CG  to  forward  rotor  plane 

Dis  tance  from  aircraft  CG  to  aft  rotor  plane 

Tp.  Constant  thrust  of  forward  rotor 

■7^  Constant  thrust  of  aft  rotor 

Spring  rate  of  wing  gear  oleo 

Damping  rate  of  wing  gear  oleo 

Lateral  spring  rate  of  wing  tire 

Vertical  spring  rate  of  wing  tire 

Aerodynamic  spring  of  wing 

Ctx.yy  Mechanical  wing  damper  at  range 

Distance  from  aircraft  CG  to  wing  tire  axle,  normal  to  rotor  plane 

Distance  from  0  wing  hinge  to  wing  tire  axle,  normal  to  rotor  plane 

^2  Lateral  distance  from  aircraft  CG  to  0  wing  tire 

Distance  from  wing  hinge  to  center  of  wing  tire,  parallel  to  rotor  plane 
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£1^  Lateral  distance  from  0  aircraft  to  0  wing  hinge 
/{q  Angle  between  0  aircraft  and  0  wing  hinge 
V  Forward  speed  of  aircraft 
Si-  Normal  rotor  speed 

UJ,  First  bending  natural  frequency  of  wing 
\i) 

Modal  slope  of  wing  at  hinge 

0) 

Modal  slope  of  wing  at  gear  point 

a 

Modal  deflection  of  wing  at  gear  point 
Mass  property  of  wing 
^2  Mass  property  of  wing 
^3  Mass  property  of  wing 
Mass  property  of  wing 
Aerodynamic  damping  constant  of  wing 

a. 

C  Aerodynamic  damping  constant  of  wing 

0.y  Aerodynamic  damping  constant  of  wing 

Aerodynamic  damping  constant  of  wing 

Aerodynamic  damping  constant  of  wing 

Cl./ o  Aerodynamic  damping  constant  of  wing 

Rotor  blade  lag  hinge  offset  from  rotor  center 
Rotor  blade  lag  mass 

Rotor  blade  lag  moment  about  lag  hinge 

'j— 

S.  Rotor  blade  lag  inertia  about  lag  hinge 
Rotor  blade  lag  spring  rate 
P  Preload  of  rotor  blade  lag  damper 
SL  Viscous  portion  of  rotor  blade  lag  damper 
^<3  Radial  arm  of  blade  lag  damper 

o  Single  amplitude  of  rotor  blade  lag  motion 
CJ  Trial  frequency  in  IBM  program 
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AlO  Frequency  increment 

Limit  frequency  of  natural  frequency  search 
^  Number  of  rotors  per  aircraft 
Number  of  blades  per  rotor 

THEORY  Determination  of  reference  natural  frequency,  effective  hub  mass, 
effective  hub  spring  and  effective  hub  damper  for  a  coleman  type 
mechanical  instability  analysis 

Consider  an  aircraft  on  the  ground  or  partially  airborne  as 
shown  on  Pages  A-2,  3  and  4.  The  following  degrees  of  freedom  shall  be 
assumed : 

Coupled  lateral-roll  motion  of  aircraft  about  center 
^  of  gravity 

Rigid  body  flap  motion  of  floating  wing  on  its  hinge 

H  Generalized  deflection  of  wing  tip  in  the  first  pinned-free 

bending  mode 

Angular  displacement  of  main  gear  oleo 
aT"  Vertical  displacement  of  wing  gear  oleo 

Associated  with  the  first  bending  mode  are  the  quantities  defined  as  follows; 
Ut)  Natural  frequency 

Modal  slope  at  station  i 

2 

Modal  deflection  at  station  i 

The  total  kinetic  energy  of  the  system  is  ^ 

or  .  £  o 

^  ^  * 
the  term  ^  ^  ^  dropped  because  it  has 


is  dropped  because  it  has 
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Roll  Inertia  -  From  Report  18-D-05#  "Theoretical  Analyses  of  HUP-2 
Grojpd  Resonance'*!  page  2.00?!  reference  12!  I  «.  =  12  x  971  =  ll!640  lb.  - 
sec*  In.  for  a  gross  weight  of  178.1  x  32  =  5740  lb.  The  gross  weight 
of  the  helicopter  for  the  present  mission  is  taken  from  referenoe  13  for 
a  fully  fueled  helicopter  without  cargo  as  5369  lb.  Ratlolng  the  inertias 
gives 

11,640  =  10,953  lb.  3ec2  in. 

Mass  -  M  =  =  13.95  lb.  seo^/in. 

The  empty  wings  are  estiimted  to  weigh  375  lb.  each. 

Mass  Properties  -  with  Wines,  0^  Fuel 


The  vertical  C.Q.  of  the  wing  fuselage  assembly  is 
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The  loxigitudiiisJ,  d.G.  of  the  wing  fuoalago  assembly  is 


53 B9  -1  750 


A — no. 


=  15.89  lb.  secyin. 


ulng  = 


Roll  inertia  of  helicopter  and  wings  about  G.Q.  (locked  hinge) 

Wing  inertia  about  its  C.G. 

U - |to - 1 


I  =  12  Hi  (252-90)2 


I  =  2133  Ibo  360“^  in. 

I .^  =  13.95  X  0)  +  10953  +  2jo.97|  (160)^  +  (2l)^j  -h  2133 
=  125.55  +  10953  +  55,320  =  66,398  lb.  sec^  in. 
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3.  ^iaGS  Properties  -  with  Wings.  100'^  Fual 


Each  wing  carries  1125  lb.  of  fuel  for  a  total  loaded  weight  of 
1125  +  375  =  1500  lb.  The  vertical  C.G.  location  of  the  wing  fuselage 
assembly  is  now 
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combined  C.G.  distance  from  wing  hinge  =  =  51,4*' 

53 07  +  3000 

M  =  Uga  ±-.3000  _  21.71  lb,-sec^/in, 

386.4  ' 

Roll  inertia  of  helicopter  and  wing  about  C.G. 

Wing  inertia  about  hinge  -  E.A.  intersection 
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A  plane  passing  through  CC  and  parallel  to  ground; 

X  +  Ay  +  .302  Z  +  .337  Az  =  0 

parallelism  gives: 

1  (-6.8)  +  A  (-15.6)  -  0 

A  =  j6i8  =  -  436 

15.6 

Thus  the  equation  of  the  plane  is; 

X  -  0.436  Y  +  0.155  Z  =  0 

A  plane  passing  through  AB  and  parallel  to  CC; 

X-24.0  .L  xg  -  Y  +  24.8  +  n  .n  A  er: 

-6.8  -15.6 

-15.6x  +  6.8  Y  +  106.0  Az  +  542.5  -  1166.'..'  A  =-•  0 
para] le] ism  givos; 

(-J5.6)  (-10.4)  -I  (6.8)  (-11.6)  (  0b.«.A)  (34.4) 

\  -  -  83.5  =  -0.0228 

3650 

thus  the  equation  of  the  plane  is; 

X  -  0.436  Y  +  0.155Z  -  36.52  =  0 
therefore  the  distance  between  the  above  //  planes  is; 


_  36.52  _  *30  *3  j 

1  +  436^  +  .1552 
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Natural  Frequency 
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,  where  a 


El  s  1250  X  10^  lb.  in^  , 
I  =  252  -  80  =  172  in, 

M  =  Total  mass  of  wing 


^0  “  38^4  “ 

1^00  =  386^4  =  (100^  fiiel) 


Then  a 


(0%  fuel) 


**^100  =  ^^°^l/3.86fx  17^'""  (100^  fuel) 
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6.  Ground  Instability  Calculations 
Sikorsky  S-58  (H“34)  Helicopter 
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TIRE  PROPERTIES  (Cent.) 

Tire  Loads  - 
75%  Airborne 

Fm  =  9300  X  0.25  -  1160# 


WING  GEAR 

Type;  For  spring  rates  consider  1-24  x  5.5  Type  VII  tires  per  gear 
Inflation  Pressure:  145  psi 

Gear  Loads  (100%  Fuel)  -  Approximated  to  be  equal  to 

the  weight  of  each  wing. 


0%  Airborne 

F„  -  8000# 

25%  Airborne 

F„  -  6000# 
w 

507.  Airborne 

F„  =  4000# 
w 

75%  Airborne 

F„  =  2000# 

Gear  Loads  (0%  Fuel) 

0%  Airborne 

F„  =  1000# 
w 

257.  Airborne 

F^  =  750# 

507.  Airborne 

F„  =  500# 

75%  Airborne 

.F„  =  250# 
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TIRE 

PROPERTIES 

Main 

Gear  - 

Vertical  Tire  Rates 

Lateral  Tire  Rates 
(Assumed  as  ^  Kx^  ) 

0%  Airborne 

07.  Airborne 

=  2560#/IN 

Kxy  “  1280#/IN 

25%  Airborne 

25%  Airborne 

Ktj  =  2270#/IN 

ICpY  =  1135#/IN 

50%  Airborne 

50%  Airborne 

Kx^  =  2220#/IN 

ILpY  =  1110#/IN 

75%  Airborne 

75%  Airborne 

Kxe  =  1800#/ IN 

Kxy  ”  9 00#/ IN 

100%  Airborne 

1007.  Airborne 

Kx2  =  180#/r^/ 

Kxy  '  90#/IN 

Ref: 

U.  S.  Aircraft  Tire  Manual 

Wing 

Gear  - 

Vertical  Tire  Rates 

Lateral  Tire  Rates 

0%  Airborne  (100%  Fuel) 

Kxz  =  5100#/IN 

Kxy  =  2550#/IN 

25%  Airborne  (100%  Fuel) 

Kxi  =  4900#/ IN 

Kxy  “  2450#/IN 

50%  Airborne  (100%  Fuel) 

K.XZ  -  4500#/IN 

KjY  “  2250#/IN 

75%  Airborne  (100%  Fuel) 

Kx£  =  4100#/IN 

Kxy  “  2050# /IN 

100%  Airborne  (100%  Fuel) 

Kx£  -  410#/IN 

Kxy  =  205# /IN 

0%  Airborne  (0%  Fuel) 

Kx^  =  3800#/ IN 

Kxy  “  1900#/in  | 
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TIRE  PROPERTIES  (Cont.) 

Wing  Gear  - 

Vertical  Tire  Rates  Lateral  Tire  Rates 

50%  Airborne  (0%  Fuel) 

Kt  =  3500#/IN  Kxy  “  1750#/IN 

100%  Airborne  (0%  Fuel) 

Kx  =  350#/IN  Kxy  “  1750#/IN 

Vertical  Rates:  Goodyear  Test  H-70  6-10-1958 

Lateral  Rates:  Goodyear  Test 


6.  OLEO  PROPERTIES 

Wing  Gear  -  For  properties  consider  the  Vertol  YHC-IA  main  gear  oleo. 

Ap  =  7.06  IN^  Zg  =2.0  Vq  =  2Ap 

Pg  [Vo  +  Zs  =  Ws^tic  (1-  ^)  j^Z  Ap  +  V^ 

I 

Ap,  Piston  Area  P^,  Static  Pressure 

Vq,  Trapped  Volume  F^ ,  Static  Load 

Zg ,  Static  Stroke  Position  £  ,  Stroke  Position 
V  %  Airborne 

[2  +  ■  "s  ^  ^3 

2  +  Z^  -  (1-,)  [Z+  ^ 

Z  =  Zs+  2  .  2 

For  100%  Fuel  Loads 

=  ^  Ps 

Z^+4Z+4 


l-ri 


Let  Z 


s 


2.0 

4 

R 


-  2 


Oleo  Spring  Rate, 

2  Po  A„  Z 


^s  = 


S  “p  ‘'S 

2 _  2 


Z  +2ZZs+Zs 


From  Oleo  Analysis  for  Vertol  Model  107. 
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OLEO  PROPERTIES  -  (Cont.) 

Wing  (100%  Fuel)  -  Gear  loads  consider  total  weight  of  seml-wlng. 

0%  Airborne 

Z  =  2.0  In. 
s 

K  =  4  a  SQOQ —  =  -3MQQ —  =  2000#/iN 
4  +  8  +  A  16 
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25%  Airborne 

Z=-^-2=3.33IN 

.75 

K  =  32000  32000 

11.1+13.3+4  *  28.6 


1120#/IN 


507.  Airborne 

Z--^-2-=6.0IN 

.5 

,  - 32000 —  ^  32000 -  „  500#/IN 

36+24+4  64 


757.  Airborne 

Z  *  _A  -  2  =  14  IMP 

.25 

2ext  *  11-0 

K  =  - 3^0 -  ^  ■■32000 —  =  189#/IN 

121+44+4  169 

Note:  The  oleo  spring  the  smaller  of  the  oleo,  tires  series  combination 

controls  the  combined  vertical  rate  of  the  wing.  Therefore,  the  effective 
vertical  spring  of  the  wing  can  be  adjusted  by  changes  in  the  oleo  only. 

Wing  (07.  Fuel)  07..  507.,  1007. 

Z  =  11.0 


K  =  189#/ IN 

In  order  to  eliminate  bottoming  of  the  oleo  assume  that  a  mechanical 
spring  with  a  rate  of  500#/IN  engages  at  Z  =  10.0  IN. 
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Spring  Rate 


11.2-Z 


(11.2-Z)2  (Z^-22.4  Z  +  125.5) 


For  07a  Airborne  Z  =  9.25 

^  12000  ^  120C0 

85.6-207+125.5  4.1 


=  2930#/ IN 


For  257o  Airborne  Z  =  8.75 

V _ 12000  1 


76.5-196+125.5 


12000 

6.0 


=2000#/IN 


For  507,  Airborne  Z  =  7.50 

K  =  12000 _  ,  _ ] 

56.2-168+125.5 


-^-^QQQ —  =  875#/IN 
13.7 


For  75%  Airborne  Z  =  4.0 

V  _  _ 12000 


16.0-89.6+125.5  51.9 


—  =  2  31# /IN 


For  Fully  Ext.  Oleo  Z  =  0,  83%  Airborne 

K  =  ^.!^.9-PP  =  96#/IN 

125.5 


Main  Landing  Gear  Basic  Dimensions 


X.  =  22.0" 


X2=  33.0" 


H,  =  13.0" 


84.0" 
e,  =  72.0" 


f5=  64.0" 


Ref.  Pages  A-17,  A-18,  A-19 


31.0"  L  =  |l2l  +  5040  +  84 l|  ^  =  77.4" 


35.0' 
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,  NVAi  BE  PROPPED.  Tue  LKTEtiAL.  EQOATIOO  IO  KEPRESEMTS  AkJ 

fffectimg:  viass  j  sprimg  awo  damper,  at  tmg  toToE.  woa  010  rn-e 

LEFT  SIDE  op  Tire  .  BOUATloq  AMD  ■  AkS  ■  IlieRTlA  '  FORCH'  \Y\V0‘i&O  E>y  TAB 
\«U«RUMS  BLAPeS.,  OV)  Twe  F>eD  2>TST€M  CbOROlMATB.  Tue 

EFFBdrrsJe  “  TERhS  \M\H_  MOT  e«  USED  HBRJE  AMV  TOETHeR.  BCCAUSe 

ACTUAU  aircraft  EGOATIftAa  .  about  TUH  ,q(?,  U)iU.  BE  .  JDBVf ELOPED  IM 

SectiD  Ki  '  B-fc  so  THAT  '  reFFeCTWe  VMILU  DOT  Rs  KiECBESARy, 
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HiWG'JelL 

tug 

IDEETIA  PtRCH 

TERM  — 

.cri^ 

at.*- 

Y.  cos  (fj^ 

H=l 

Vi  ILL- 

5E  05Gb 

AS 

ALi  APPLieI> 

FOR.eE 

4M  tug  aircraft 

EaOATIOUS 

6P  HoTl^t-X 

C>lotolj  \2)-7, 

PREPAPEO  BY: 
CHECKED  BYi  ^ 
OATEi  &y 


TvJS.  BLADE  las  EQiOATidO  JSk  volLL  BE  OSEIi  /M  TH-B 
\=IK)AL>  SB.T  6P  eUOATIOIsiB^  E  X  CePT  THAT.  A-0  ADDIT/60AL. 
TfeK>A  KE  P!2E  S-ELil  IkJG  CoRBUS  ACCELERATION  DOe  TO  FLAP 
HwiST  BE  At>DE£i,  ,  .  : 


Ft-PiP  raEG.5HoRTe.ki\Kis  av  iMoW»oufti.  nm=sss  R/sdu 
ACCeUBROTloa  llO  Tvve  l/SG  t?)  t<eCT/0K) 


tut  ®  O 


>■(1.  S,K)((^+^') 


ELe'(KT\oO 

V\E.\>J 

rR4DL>ce  Coriolis 


For- 

AUti 

TUG 


POiiTiv/G.  fb  ( PLPir  y  p)  L.  IS.  dirsctek  towpiILD  the 
(^THe  Coriolis  ^';ceLeR.^T/o«J  acts  iKi  tuG  lAqi 
Direct  I6K^  oF  ROTftTloO.  Twc  TbR-QuE  ABOUT 


ceiATeL  OF-  \’fj2TAr/QfJj 
runuE.  AGAIiOsr 
THE  LAG  Hiuse  IS 


T=-  Y5c\m 

But  Vp>=^  Tj -»-Ej5  —  =  V's  -p  £:.S  u»i-«eRcr  l^e  =  Eg— 

T=  •“  J~ :^iw  (/btfT^)c|vy\  «=  —  2X1.|3  (fb+f3)[l5  J  • 

»  ..  ;  •,  '  •  ,  .  't  .  .  ■ . 

o 

\£  secODD.-OK.OeB  /, 

T  =./- 2,XL(?p>»’  [ls+.£ieci^]  ■- 
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Twe  LAG.  EOUATIOO  IWCLODtKiS  CoRioLlS,  TOEOUE  ‘  -BeCOMSSs^ 

This  e^PResstehi  haw  e>s,  foktheK-  ceouceD  e.w  naTfuq  tHj^T  "X 

hOTIOKll  SxJiLL  KJOT  EbG  USetJ  l»^  THE  AUM-^  ai.TS>.  Ai.u=-  THAT  TME 

OQS  Verm  maw  be  exparded, 

\ 

^  Co^tf^CosSK  —  3wSx. 

For.  small  A»J<iU6^>  cas  Sk  —  f  ^  5/m  —  Sk 

<  ‘ 

^  cosCH’k"*'  Sh')  =  ^  tpt  —  Sp.  Sim  Vk; 

i 

BUT  ^F.  IS  secQUD  ofdle  afjd  mat  ee  MEcLecTcD 


Fi/OaulV  TH'a  LAd  EQUATIQ/lJ  i  - 
X^5V+Cs^SK'^^^-^^SF-2-ap«p[i3+^er)“]  =  -'Os 


Af^O  T«G  UTGR-AU  HO  tr 

oo 


M'j'a  *•‘3^ 


eao/)TIOAj  ' 

Z  SkC03  q), 
clt*-  |C.| 
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i 


€.  HgLiC-OPTeS.  hVtVa  VvlwAGT  fecavJftT'QtJS  OF  fM6TI0NJ 


rr\ 


Let 


Total  mass  of  helvcopter.  ^  vJwias  AUD  blades 
Xh“  T^OLL  INeKTlA  OP  HELlCQPTeR.  AMD  E.LADES  A?J)UT  C.G 


AERoONtJftMlC  SPR\OS  OF  VAJIUS,  A  500  T  MlOGET 
■W\ecURM\CAL  \M\WG  DPtMiPER.  P^’&OOT  Hl^JCTG; 

AiER0DVK)Ah\C  SM\toa  PAMPER-  ABOUT,  HKJOS’ 


VJlMG-  MAS'd  VER.TICAL  DlSPLrtCBMGMT 

'  H.  =  (£4^rc')o<  +  r<,o<v.  CO  S  Vo 

VeLociTV 

■2,.=  ■+ 

i 

Kimetic.  EweRcy 

T  =-2  -v-—  +  -|  a  ZI  + 

T  —  ^  /v\&z-A  il  T-  sZfe+ftVcVnt^cKwCosV, 

V  ^*1  < 


Let  le<.”  Ih  TSr  (r^-WtV  Vnt  total  roll  imgrtia  of  weucorTeR^ 

BLfiDSB  AlOD  VUIOGS  AftOUT  WeLlCOPTeR.  C.Gi. 

T  (£a^Vc>v.V>..  C05^,5c(>  Y  rt%:05^  y.  YV\ 
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RorstOTiM.  fe’NeR.'GV,,^  V  =7 4  2iVC<vvA,)C><vf,., 

D\55|PAT/0»J  FuUCTIOfJ  D  =  I  2Ccy^  -+-^2 


d  _  ivA®® 

dt  d4" 


ST 


O 

V  .1? 


it  =■  2  K^A-^Orcrn/oip+Z  I  C“cos% 


=  2  K^wC-^vA/ 


“  2  CoKji  2  Co<,j 


EaOflTIOtii  OF^  M  6T(Cik1 


® ' ' 

;  i=<  cK  T  2 1  n')  Yi  m ,  cos^i,'^^  o 

^  oO  eo 

'■  Z  -i-n)  r'-  mibnJ’o‘^  +  L  '<‘^Co^  VsVr^^o^w  +  l<o/w ' 
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AeRODVnP'MIC  VJlKlG  SpRiMG 


5n>1$o 


■V-L 

■^.1  "V 


— ^ 
dvi  STK.1P 


“  'Z- 


o<^ 

\^^0Wi 


-^,h-dr 


r  /'I 

i 

A; 


Uf-t  of  'c::2Tr\P 

dP  =  ^,pa«c  c\r 

,\1in'C£  SAOHSUT 

=  (VcosXV^P  ==  -2  pcLrf.G>vi^  0  rcos>K,dir 

Mo<w  =  peZ-oo  Ca  V*"  L*  c<5  5 '<^^0  0 

Bwe  -E-LeMeUT  ftKiGL.e  of  ^iTTfSCVC  \S  A  FUMC'VlOki  OF  o<, 
0.  =  -  Ci(sM  SlM 


~  ^  p>  CLoti  Co  L.  SiiiYo  Co5  V«  cXv-; 


T  15  ft  NiSGATWjE.  PAOMS^OT  OftS  THG  K.\CrHT  Sloe.  aF  the  VWIUU  f^LArP/lJCS 
tuonTioki.  It  cam  Ee  Movjeo  TO  T«e-  Lept  titrc  o?"  vfigt.  trOOAT/oO 
Ai^c.  Be  CAiisib^^-iiiiD  A  :ipR.u.\<j  T£tu-\  ivj  Thus  tug 

iwiuc;.  FcAPa  uP  THE  LIFT  REOUCES  A>J  C>  TC,10DS  TO  V.CT0ftl..i  \T  VO 

\T5  IKilTlAL.  PDOiTtOO. 


VscK  Vftl  ^  p  ci  oo  d  M  ^  L.^  5  IM  Vi  Co  S  Va 

Fob.  Vo  Ai,  \iOi  Tl-ic  fRcoCftOT 


^  pa^C^M^  O 
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MODEL  NO, 


DAN\ip\Kia  K\oiACMt  f<BouT  HeuvcbPTCR-  C,  S. 


-HV'WxdCttsKftjdr 

hrt  ==•  [-g^cuvc^  (e^i\-)^cir]^  +  r(e4tr')cik'  cosi^oj'^w 

He<  “  2  P^»s'^Co['3  0  ~  i  ^4]^  pcLf>VCt  Cas'iit  L*"  [^^4  +  ^  L  jcvw 

NAo\  =  -a^^— 

5c^A^A^-\R\•^,\ViS^ 

PA  elk'll  —  ^  —  ^Ci  Cfls'Sf,  0<’  ■“  ^ 


Mo<,  —  —  a5<^ — Qjo^v 


CKcrtlvWUAL 

tJAiM"6R. 

flo^ro^ 


\F)HeRe 


as  =  ^  pacVC  -L  [(<f4+Ly-4  ] 

^  CL<,  =  ^padt.MCo3 |l^ cos Xoj 

a  g  =  -^  p  O,^  \jCo  '  l]  Cos  V4 

OR.  Moivj  ■“  "“  CljCos^o  ^  “■  ^Qy\«  -t 

'.sHtRja  Q*«J  =>  £1«OosY»  o*. -^petos  V  Gi  3  L'’cos*Jf, 
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AEE.oDyNKM\c  VViNS  5pRtN&  ^ND  Damper 


Lift  Fobce  per  unit  sp^^4 

n/ 

P;_  a  -  f  TV  ^  4  'H'  K  —TV  NsOwol]—  SlVp  MbCj”'U<<+K  -V 

'  ■  /t  • 


Mo.V\EViT  OH\T  SPftV^ 

bS.  4  TT'b'(^4  4-Q>j“ot  -  OLlt '©"K  J 
,  i  +Jpvb'TT(o.+^)c[xJK +K 
WweeE., 

Dt.Msn:y  O-s  DtsT.  Peo*.\  Mvocttott)  -t-o  Pitch  ^x«s 
b  •  N\tFo\».  ScMiCHCF-o  Lcnstm  K»  VeRTlChu  Disputbc’t.bAEWt  -V-  tsci'w^s 
b  *  Wind  Veugc^tx  P-vL«^  ,  ^G.^Gt»K)HVA,\c  FoMt.TVcM& 

*<■»  Pitch  t5 it PLftcEF<iE.»T 

+  Hotft-OP 

R-tP.  (12.^ 

I  '■ 

Covi'i.i’CpE^.lHsU  THE  PITCH  nxia  IVT  THE  Stxw- CHORD  ^»sSb 

OSINS  oMuy  Qovi&i  -  Static.  rodV  m  h  m  ics. 


a.  s  o 

C  *  F  4  i.  &  « 

And  2b  =  Co 
oC 

fe<ha  Rsf. 


Swope  oe  Twe  L\pt  (Lorne 

2TF  a  CX*Q(o 

(iTHEo'eETVC.ViCj 


O 
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Momsmt  ^-r  \siGg.  CC-cvt^T,^ 
6  ' 


-Jr:.  ^.‘o'^LCs^k* ‘tfa'iHv/  4*oU^A< 

3*^ 

4\)_^4.  4- "VJ (^C.e> t  irk) w  4  'bL^^.Wv 


_  JL  P  Ct.'*  C Vo  ) 

A  ' 


8 


-■uC’ISlioYo)^  — 

^  z. 

—  JU_  a  VVr 
z 


L  ^CaS  Vo)®^vv 


—  JL|i  CV-oa  CQ(Cok  V* 


.  '--  tvj  V*^  ^.v>/  —  _  L?  e>^ 

2.  R  ' 


3 


w 


A  E:g.O  D7  K>  P.  ^AVC,  W\MCa  D  ,  C.4w 

9  ^w. 

C.(\y  s  —  JL.P  (^S  V  VI  Vo^ 
ft  * 


lit  CosV., 
E 


^^jsO^CaCCLoS  -ijjzCS 


_  i_  P  (Cp&Yo')  P-'lLk'  S » N  iTo 

s'  |_  Z 

j2  (^C.cs  v..)j  , 


■  C-Hyy  “  ..  I-  p  O-oo  Co  L.  \J 

i(_  ' 


Ik 


C.OS  iTo  S<K)  Vo  4  -  —  CoS  Vi 

3  Co 


■J 


Aeg-opy^i  tsvwc.  Ww^Cy  S^e-VK^Xj  ,  K^w 

^»<vv  =  3 

3  '>(  w 

^'^'A/  “  —  ^  \  KJ  Vo')  C.O  1^1)'^  L  (^S  I  w  V.)J  —  X^OwMiCo(.C.P^  Vo^'U 

k^vv  =  X^CL«,Co^jl(s>N’'tfo')*^*‘^4-  Cos.  V..  S  Vo  j 

ko(w  -  Co^D^C^  1^-.  ±  5»m^V^  4.  :|_  CosVo  iToJ 


-'!^  S\»>>  y* 
z 
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7.  Cor^PL€ 


rooftTious  OF  Mc<tio>J 


Fwh  th^  PREcaoms  iecTiows  the  com  pie Te  eau/^Tto>is  of  HOnoO 
RS  A-SSeMELE-D. 

g..  lATgRAL 

L»>.TePau  HELicorreR  motiaiJ  ^  Lateral,  ^oro^  FbR.c£ 

L»>tEia.AL  UoB  Fnacc  FROM  Blade  Las  at  Facu.  Uua 

'J K-l 

CoMeiwiwa  thgse^ 

==  — 2C3^^|1  ^^Cos<t>K  +  (Tf  +  T^')|^- ^  ^[pwsikilVK.  +-^  Cos  4^k] 


b.  Roll 

WehcoPteR.  Roll  MoTioti  c>< 


Aerod-imanic,  Koll  Mombmt 


^  -v  2.  Z  (if4  ri  W5/o  d=o  Hu  =  (jfhr  Ta  U  f,')t  [(3.kS(0  ^’k  -F  c»s<f»fc] 


LftTetAL  Hub  F»Rce  from  fcLAOtt-  Las:  «t  each  W-OB  CouveP-r  to  HombJT 

=  t  §.  M.,=  -(WthA')crj^,|  S^cos^, 

EViMPINC!  MOMCltOT  OOoOT  MEUC£>PTe,R-  C.G. 

=  -a5  0<  -  Cl,^w 


G)MttwifJs  Twese 

iO  __  tjQ  g  A  .  V  J  ^ 

-V  C^siC)^  *4-Ct^O<w  **  *  C  ^§yt  Cos*  (pj, 

QL  |c,, 


^  o 

—  ("Ir^'F  +Ta Ka')  Z  Vk  Cos 


c.  VjiK)G  Flap 

'^IviS  EQUATUfJ  OF  M&TlcO  ABOOF  HIUGE 


j!^(<£4+pc)i^ coj^o^  ■v^Z'Q^c:iS*'5(^oViv,c<w»  vV^oCu,  +-C5<vj'^uj  •+  cz^cosl^.cS^  1=  o 

d.  iSlade  Flap 

«C^  Cosif»^>+Ci^siHiPt^+Cjk  cosij)^.  -V Ct'=*< S'w  %,  +Q(Sk^C6  5k 

6.  Blade.  Lag 

X3*4  i-C5,^^^ej<pi?5K-'2Ji(i.(iils+Aec^J  «  -cSj|cos«Pk  . 

^  VJAS  OS©»  HeR.6  AS  LftTBEAL  MOTlfllvJ  AT  THE  HDEj  SO  IT  MUsV  BC  MODIPICD 
TO  IMCLOoe  THE  lateral  MOTICtJ  AT  THC  HOB  RESOLTlMCS  FRbB  KaUL  ABOUT 
THE  C/S.  As  AH  APPROMmATIOiJ  ,  Vir  the  MER-TICAL  tolSTAHCE  from  C.G.  or  TO 
THE  foruab-D  Rotor,  hob  is  used  f«r_  t»TH  RaToic-S  ?  ’ 

+  =  -CJj(9VWpSS)cos.f>^  • 
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«=<;  lDM'+2.I(^trE)KcW'Ci);jj,^+%cK  +ago^^  crj  — ^  JL§^cos 

“  i  frrW+Tftlin')  C65I^F.] 

‘  YniO(^  COSjio(  ■'■  V^Mw  4*  Oo^vi  ^  w  “"  0 

=  Q<Jco3fK-vCtySio4)^-t-Cjo<co5<^E.+  C.^<5<sw  V<-*-Cs(i.;*QSK. 

5>s ;  I5  Sk  4  ecrjL'-SK  -  2Si(i.^Xls  +£veC3^]  ('^“+ 


M  —  TOThU  r-\R-3S  oP  MELVCoPTeR.^  UJlKl'iS,  AMD  BLADGS 

X^=  TOTAL  Roll  idbutia  of  hgc i copteil  feLADes>  add  vw/D«S  p»e:,oOT  HGUCorrea,  C.t 

05-=. Blade  las  aTAT\c  kowgvJT  ^5=  Bladg  lAc5  iv^eR-TlA 

Tf~  FORuJI^BD  rotor  THRUiT  Ta  A^BT  RliTOK.  TKEUST 

=  LATERAL  PliTAtJcej  UrL\CQPTeFL  ceuTGRPLAME  TO  u)  lO  (T  AlMCS  AT  QU  A  RTF  E -CHORD 

fi.  ■“  LATeRAL.  D\'SrAuC€  WltlS  VtlAGF  ^r  OUARTee- CHORD  To  UJlOC  S’TATloO  C 

VOA^iS  OF  uJlklS  AT  STaTIOU  I 

Q==  ~  pu^^C,  ±  [(f,TLV-£4"]  a.p  =  Ipci^VCo  L^[i<?^  +  4Llco5 


IMF.  DEpSITV 

'HVVlT;,  FOK'F'ARD  3P€ED 


<3-00  =  SLorie  or  aib-foil  lift  curve 
Ca  =  W«UC  CAoR-D  LERlCrM' 


V  =  'AVVII':,  FOK'UARD  3P€ED  Ca  =  W«UC  CAoR-D  LERjCTM' 

\_  =  \NVNfx  SPAU  iJCViCTH,  HoOCE  AT  OOARTFlC  CHORD  TO  TIP 
-  LrJlUO  HIARTF  LlDE  AUCLG  FRaK  LoOS(T0DlUAt_ 

Kdw-  VllWG  ASRODTIJAMIC  UlUCe  SPfUUt?  =  '/s  P‘31o«»Co  V^L 
^,vJ=  WlUB  HIVJCE  NSFCHAMiCftL  DAnPeR.  RATS 

CoiYJ=wiLja  BiMae  AeRoo-yuAMic  dampfif  Rate  — L  costs'* 

0(5  =  feLAOe  FLAP  STATIC  PAOPAe^JT  =  B.LRD<’  FLAP  lOERTIfl 

=  BLRDF  flap  UlW^e  Op-FSET  Jl.  ==-  \?OTOR  SPSED  , 

C*;^'=  Blade  Lac;  damper,  equmalsiut  viscous  daupiuIc  RATE" 

”  f ”r~-^  -+  C  )  <3>5  =  BLADE  LAO.  MATURAU  FRpaUEMCV 

“  RAO'^iL  OP0i^^ppf^  •  C  r  VLSfoui  fvPTI<*J  OfroATf 

Po  ■-=:  t^MPEP.  PRGD.AD  :, 

c,  [tpa,»C.]  2'CLG,JVn(e,i+V%')<ir(3  ~[i^citACo]'ir  JVfj4rfj  C5=>=-’  hFCi 
Cz  ~  [epa«.c„]  2i\  {ioyvAC^(itr^)drA  ,  .■  0^^  =  hFC^ 

c,  —  ttpa«cjjL5\V'Cf^+r^)ci'(?5  ^  .,  ,'‘1  -  '  >■'  '' .  ■  , 

C«  =  [tf’a<T.c»32xieo5rft(fptr^')divf5(r(5-i.B')  -  [i(3a«Aa  jArjr(5('r(i-i»e')«lr^  -  •  ;  j  .  , 

Ot>  ~  blade  CLLU.  P\TCH  AMCLP:  ij).  =  FLAP  OODIWS-  AVUCLft  1  ,  . 

6,^=  e5=  Las  HiUac  offset 

%r  ~  Dcivid  vja-sW  s/euoc(TT 
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COMPARISON  OF  MEASURED  MODEL 
TO  CALCULATED  WING  DYNAMIC 
CHARACTERISTICS 


A  scale  model  of  the  proposed  wing  for  the  H-25  subjected  to  a  relative 
wind  velocity  of  85.0  knots  in  a  wind  tunnel.  Reference  14,  exhibited  a 
resonant  frequency  of  8.65  cps  and  a  damping  ratio  of  0.08.  The  model 
was  scaled  as  follows 


Model 

^odel 


i  L 

9  Actual 
\.9y  Actual 


where ; 


L  is  a  representative  length  dimension 

and 

M  is  total  mass  of  wing 

The  single  degree  of  freedom  system  representing  the  wing,  without  external 
forces,  is  defined  by  the  second  order  equation  of  motion 

where ; 

CXvv-  ~  rigid  body  flap  motion  of  wing  about  skew 
hinge  line 

=  natural  frequency  =( 

?  =  damping  ratio  = 

K  =  wing  aerodynamic  spring 

I  =  wing  inertia  about  hinge 

C  =  wing  aerodynamic  damping 

A  dimensional  analysis  is  performed  on  the  above  parameters  as  follows: 

1)  Wing  aerodynamic  spring 

K  =  -Ipa^Co^w'^  ~  T  sin 

Ref:  Page  B-21 
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I  therefore 


■'Actu.l  ■  i 


sln^^  si 


or 


^Actual"  KModel 

2)  Wing  inertia  about  hinge 


I  =  ^ 


r 


r  =  radius  of  gyration 


thus 


^Actual  ~  (9)^M(9r)^  -  (9)  I 


Model 


Actual  = 


^Actual 

(9)3  K>iodel 

^Actual 

(9)^  iModel 

Actual  =  3  Model 

4)  Wing  aerodynamic  damping 

C  =  pa.o  l2  ^ 

16 


thus 


16 


Ijos  sin/^ 

Ref; 

Page  B-21 

(9L)2^| 

^OS( 

C  sin(il  8  (9L) 

3  (9Co) 

or 


^Actual  “  CModel 

5)  Damping  ratio 

C  Actual  =  ^Actual 


_  “  (9)^  C^odei _ 

^^Actual  C/Jj,  Actual  2(9)9-  x  _luiModel 

3 


or 


f 


Actual  =  3  ?  Model 


_j 
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Thus,  converting  the  Model  characteristics. 

Actual  =  1/3  (8.65)  =  2.9  cps 
Actual  =3  (0.08)  =0.24 

The  above  parameters  calculated  from  data  found  in  the  appendices  are, 
I  =  %a^,  C  =  %ag 

From  Page  A-65;  airspeed  80  knots,  wings  full: 

a^  =  37,992  #-sec2_in2 

ag  =54,412  in-#/rad 
sec 

K.  =  384,400  in-#/rad 
Wn  =  (  K  =0.72  cps 

(^ai  ) 


€.  =  %a6  =  0.16 

1  2(%ai) 
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APPENDIX  B 

5,  AIR  INSTABILITY  CALCULATIONS 
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